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Abstract 
Polymers reinforced with a certain type of nano fillers labelled polymer nanocomposites is become as an area of research among 
several researchers. Polypropylene (PP) as matrix and Spheri glass 3000 (SG) as reinforcing filler was considered in study. The 
polymer nanocomposites was prepared by melt intercalation method with help of twin screw extruder. The percentage of SG was 
varied at four different levels (i.e. 1.25, 2.5, 5, 7.5wt. %). The PP/SG glass 3000 mixture was processed in twin screw extruder 
with different zones like conveying zone, melting zone, mixing zone and plasticizing zone which helps in achieving homogenous 
dispersion of SG in PP. The processing parameters of the extruder were studied and the optimal parameters like screw speed (65 
rpm), inlet feed (7 rpm), degassing pressure (40 mm of Hg) and high density cartridge heater (HDCH) temperature profile 
(180°C-230°C) were selected to obtain PP/SG nanocomposites. The structure formed was studied using X-ray diffraction (XRD) 
which shows an exfoliated structure and the dispersion studies were carried out using Field Emission Scanning Electron 
Microscope       (FE SEM). 
© 2015 The Authors. Published by Elsevier Ltd. 
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Nomenclature 
TSE Twin screw extruder  
SG Spheri Glass 3000 
PP Polypropylene 
1. Introduction 
In the last decade the studies about polymer reinforced with nanoclays, nano fillers, etc. are gaining interest among 
the field of medical, aerospace, electronics and automobile sectors [1,2]. The initial studies about polymer 
nanocomposites was studied by Toyota Research Centre and they found that there was an increase in properties when 
the virgin polymers were reinforced with fillers. The conventional fillers like mica, talc, etc. are added at a range of 
40wt. % while the nanoparticles are added up to 5wt. % [3, 4]. The low of fillers to the virgin polymers makes the 
material lighter in weight with improved properties. 
The properties of the polymer nanocomposites formed depends upon the factors like fillers used, matrix selected, 
processing conditions, amount of addition of fillers and methods used for producing it [5]. There are many methods 
like in-situ polymerization, template synthesis, and solvent mixing and melt intercalation methods for producing 
polymer nanocomposites [6]. Though there are many methods employed, melt intercalation method is most commonly 
used method for producing polymer nanocomposites. It is either carried out using a Brabender Plasticorder or Twin 
screw extruder (TSE). TSE is most commonly instrument used for producing polymer nanocomposites [7-8]. 
In the TSE the polymer are above the softening point, which makes it more advantageous for the production of 
polymer nanocomposites. The parameters like (i) Inlet feed rate, (ii) screw speed, (iii) temperature profile, (iv) screw 
type used (single or twin screw), (v) degassing pressure, (vi) cooling length and (vii) pulling speed of extruded 
polymers from the die must be selected optimally. All the parameters must match with one another failing which can 
lead to degradation of properties. 
PP is an essential thermoplastic material which is used due to their low price, easy process ability and it is easily 
available. The SG is used in a wide range of applications in the transportation, automotive, chemical, electronic, 
industrial, and engineering industries, where they can substantially reduce reject rates in production. 
 In this work Polypropylene (PP) was selected as matrix and Spheri glass 3000 (SG) as the reinforcing filler. The 
production of PP/SG was carried out using a TSE. The main objective of the work is to select the optimum parameter 
for processing of PP/SG nanocomposites.  
The formation of PP/SG polymer nanocomposites structure was confirmed using XRD studies and the presence of 
SG in PP matrix was confirmed by FE SEM. 
 
2.0 Material and Process 
 
2.1 Materials  
PP was selected as matrix material which was procured from Reliance Industries under the grade name of Repol 
H110MA. It has a melt flow index of 11g/10min. The SG was used as reinforcing filler which was supplied by Potters 
Industries.    
2.2 Melt Intercalation process and Characterization 
TSE with the L/D ratio of 40 was used for producing of PP/SG nanocomposites. The amount of SG was varied at 
four different levels (i.e. 1.25, 2.5, 5, 7.5wt. %). TSE has different zones like conveying zone, melting zone, mixing 
zone and plasticizing zone. As the material passes through the different zones of TSE there is a decrease in screw 
pitch which helps the SG to get reinforced with PP matrix. The strands from the extruder was water and air cooled. It 
was cut into required shape by pelletizer. The schematic diagram of the extruder is shown in Fig.1.  
XRD analysis was conducted to find out the PP/SG nanocomposites structure. XRD machine was equipped with 
Rigaku generator using Cu Kα radiation with the wavelength of 0.154 nm and the scanning angle was between 5°-
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80°. The d-spacing was calculated using the Bragg’s equation (nλ=2dsinϴ). The presence of SG in PP matrix was 












Figure 1 Schematic diagram of Twin screw extruder  
 
3.0 Stages of melt intercalation method 
The stages of melt intercalation method using TSE are feed, screw rpm, temperature, degassing, die and cooling.  
3.1 Feeder of TSE 
The main purpose of feeder device is to ensure the uniform amount of raw materials feeding into the extruder. The 
method of feeding of polymers depends upon the factors like (i) design of the screw, (ii) location of feed zone and (iii) 
materials being fed into the extruder. The two types of feeder used are volumetric and gravimetric feeder. The 
volumetric feeder is based on the volume while the gravimetric feeder is based on weight. In most of the TSE 
volumetric feeders are used as the input. The volumetric feeder rpm is selected based on the density of the materials 
used. In a volumetric feeder a screw is available at the bottom for feeding the materials to the extruder.  
 
The inlet zone where the polymer enters are usually water cooled. If the temperature is too much in the inlet zone 
the problems like the overheating of the polymers may form a film like structure on the barrel wall and it reduces the 
friction between the wall of the barrels and the polymer which may lead to slippage of polymer.  If the temperature is 
too low there will be a drop in friction between the polymer surface and screw surface which results in poor conveying 
action 
Initially the screw rpm of feeder was kept at 15 rpm and it was found that the TSE screw gets jammed with the 
input material supplied by the volumetric feeder and it stops the rotation of the TSE screw. It was set at 5 rpm and it 
was found that feed of volumetric feeder was too low for processing. After many trial and error experiments, the 
volumetric feeder screw rpm was set to 7. 
 
3.2 Screw zones and Screw speed in TSE 
The main function of extruder screw is intake of feed materials from hopper, moving the materials forward in which 
the melting and mixing with additives takes place and to move the materials to the die area.  
 
3.2.1 Plasticizing Zone 
In a TSE, the heat is produced by frictional heat is produced by the screw elements and the temperature between 
the barrels. The heating of the barrel provides 70-80% of heat required for processing of polymers from the HDCH. 
When the materials are conveyed in the extruder, there is a conductive heat transfer to the plastic from the barrel. The 
pitch of the screw volume is decreased as the materials move from one zone to another zone. This reduction in free 
volume between the screws compresses the materials which in turn provides the heat required for melting of polymers. 
The melting point location in the TSE is decided by the L/D of the TSE. If the L/D is too high the melting point 
location will be based on the parameters like mixing, venting and feed zones. If the L/D is too low the melt point zone 
depends upon the screw used. 
The polymer is preheated and compressed in initial zones of TSE. The material which is fed at entry zone of TSE 
flows over the screws which moves the material forward. The frictional heat developed between the polymer and the 
screws combined with the heat developed between the screw and the barrel surface melts the polymer. 
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3.2.2 Melt Conveying zone in Screw of TSE 
 
The next zone to plastic zone is melt conveying zone or pumping zone. The main work of the zone is to move the 
polymer forward from one zone to other zone. The mechanism in melt conveying zone is, when the barrel rotate the 
plastic material is moved forward by the pushing flight across the extruder where it reaches the trailing flight and it 
turns upwards towards the barrel zone. In barrel zone it rotates with the barrel surface again and it comes in contact 
with the pushing flight. 
The plastic output is defined by the flow and it is given by the following equation 
 
Plastic Output (Q) = Drag flow (QD) - Pressure flow (QP) – Leakage flow (QLF) -------------------------------- (1) 
 
The flow is caused by the rotation of screw in the barrel. The amount of velocity of the molten polymer near the barrel 
wall is very high and it decreases when it reaches the screw root. Pressure flow (QP) is a backward flow in which the 
molten material from the die comes back into the extruder again. The main reason for the pressure flow is the pressure 
created at the die surface. Leakage flow (QLF) occurs between the screw flight and the main reason for the leakage 
flow is the wear between the screws. The schematic sketch of Drag flow (QD) and Pressure flow (QP) occurred in TSE 






3.2.3 Mixing Zone of TSE 
Mixing zone is one of the extruder function where the virgin polymers are mixed with the different types of fillers 
or additives. The mixing is attributed by the residence time of the polymers and shearing rate applied. There are two 
types of mixing namely distributive and dispersive mixing. In distributive mixing process, a low shear is applied which 
is attributed by the change in flow direction by breaking the molten polymer and recombining the melt. It is used for 
fibres and sensitive materials which need uniform temperature throughout the process. In dispersive mixing process, 
the molten polymer is allowed to flow between screws of different pitches. This method is mainly used for dispersing 
fillers and formation of polymer nanocomposites. Among the different dispersive mechanisms like Maddock mixer or 
Blister ring or barrier screw, barrier screw is most commonly used in TSE.  
3.2.4 Screw speed of TSE 
The screw speed is one of the important parameters for generation of melting temperature and for mixing of 
polymers. The screw speed must be kept at sufficient rpm for proper residence time and percent of polymer present in 
various screw zones. Initially, the screw speed was set at 100 rpm and the following problems like (i) increase in the 
temperature of the polymer (ii) drag flow was created as shown in Fig.2 (a) as there was too much pressure in the die 
and the material started to coming out through the degassing vent (iii) improper mixing of polymers with filler took 
place inside the screw chambers. When the extruder screw speed was decreased to 50 rpm the problems like higher 
residence time and degradation of polymers inside the screw chambers took place as the residence time was increased. 
Finally, after many trial and error experiments the screw speed was set to 65 rpm. The inlet feed should match with 
Figure 2 (a) Schematic sketch of Drag flow and 2(b) Pressure flow occurred in TSE 
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the screw speed, failing which can lead mismatch in properties. If the screw speed increases it can lead to shutting 
down of TSE. 
3.3 Temperature profile of TSE 
 
In the fabrication of PP/SG nanocomposites, the temperature of the HDCH coils was varied from 180°C to 230°C. 
At the prescribed temperature, the material becomes less viscous and the movement of polymer inside the barrel will 
be easy and there will be proper mixing of the materials. Usually in the inlet zone the temperature is kept low well 
beyond the melting temperature of the polymer material and it is increased up to the degassing zone and it was 
decreased further when it reached die zone. The die zone HDCH temperature was set to 200°C initially and the strands 
from the extruder were difficult to draw as it is in solidified state mostly. When the HDCH temperature in die zone 
was set beyond 250°C the strands from the extruder was in mostly liquid form which takes more time cooling of the 
strands which may lead to defects in it. Finally, the HDCH in the die zone temperature was set to 230°C which was 
suitable for drawing the strand from the extruder. Thus, the temperature of the barrel must be properly optimised to 
eliminate the degradation or incomplete mixing problems 
 
3.4 Degassing unit of TSE 
 
The degassing unit is normally used for removing the moisture and other contaminants from the molten polymer. 
It is operated by means of a vacuum pump which has a maximum capacity of 600mm in Hg. Usually for low melting 
point materials the degassing pressure is kept very low and for high temperature materials the degassing pressure is 
kept vice versa. In this study 50mm of Hg was applied to remove the contaminants and when it was set above the value 
the materials started coming out through the degassing vent. When the degassing unit was not used during the extrusion 




Figure 3 Defects in strands in absence of degassing unit 
 
3.5 Die zone of TSE 
 
The functions of the die zone of TSE is to shape the molten material from the extruder to form the final cross section 
with required properties.  The die should have required cross-sectional area with tight tolerances. The die should 
possess proper mechanical properties and it should suit different types of materials in it. It should also have a proper 
electrical connection for providing uniform heating in the die area. The die zone area is usually made up of three zones. 
The first zone is the combination of breaker plate and screen pack which collects the materials from the screw. It 
controls the spiral action which comes from the previous zone of TSE. The second zone is the transition zone which 
converts the circular section of the plate to the required cross section. The last part is where the molten materials are 
collected and it is pulled in required form through die lip. The die lip is in the exit part in the die zone of the extruder 
which are designed to final cross sections. 
Once the material is accumulated in the die the product is pulled out to required dimensions by the puller. When 
the molten polymer comes out of the die area the molten polymer swells at the die lip area and when it is pulled out 
the cross sectional area gets reduced. The speed at which the molten polymer is drawn depends upon the final shape 
and properties of the polymer 
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     In this study the HDCH was set at the temperature of 250°C and it was found that that the material from the die 
came in liquid state as it is in molten state. When the HDCH temperature was still reduced to 200°C the material was 
solidified in the die and there was a pressure flow as shown in Figure 2(b).  Finally the heater coil temperature in the 
die was set to 230°C. 
3.6 Strand pelletizer of TSE 
The standard pelletizer is the combination of liquid, air cooling and pelletizing unit.  
3.6.1 Water cooling system of TSE 
The cooling of the molten material from the extruder is done in the combination of water cooling and air. The 
strands are pulled by means of a puller at certain velocity. The molten material in the form of strands from the die is 
allowed to pass through the cooling medium. The amount of cooling also plays a vital role as it may also alter the 
properties of the processed polymer nanocomposites.  
The water cooling was initially set to 120 cm by design. When it was allowed to pass through the cooling medium 
for full length there was presence of voids and moisture in the strand. The cooling is associated with the movement of 
molecules until the point glass transition temperature (Tg) is reached. Once the region below Tg is reached polymer 
become glassy, the size of the polymer is fixed and it can be removed from the die zone of the extruder. The outer 
surface size is fixed as it is less than Tg but the inside area which is above Tg results in higher rates in molecular 
motion which leads to the reduction of size of strands at inner area. If the cooling is not uniform in the centre part of 
the strand, the cooling will be slow and it may result in voids and moisture in the strands.  
The cooling length was still reduced to 80 cm and the presence of moisture was still present as shown in Figure 4. 
Finally the cooling length was set to 40 cm where the presence of moisture in the strands was not present. Thus the 
length of water cooling also played a vital role in it. 
3.6.2 Air Knife system of TSE 
After passing through the water medium the strands were allowed to pass through the air knife where the water 
particles outside the strands were sucked by suction air. 
 
4.0 Results and Discussions 
 4.1 Twin Screw Extrusion processing of PP/SG 
Thus from the above trial and error methods the process parameters for the extrusion of PP/SG are fixed as shown in 
the Table. 1. The SG was varied at 1.25, 2.5, 5, 7.5 wt. %. 
Table. 1 Process parameters for PP/C30B/EA extrusion process 
S.No Parameter Range 
1  Temperature of barrel 180°C -230°C (i.e. feed zone to die zone) 
2 Screw rpm 65 
3 Volumetric feeder  7 rpm 
4 Cooling length 40 mm in water 
5 Degassing pressure 50 mm in Hg 
 
4.2 X Ray Diffraction (XRD) and Field Emission Scanning Electron Microscope (FE SEM) studies 
 
The XRD results of SG and PP/SG nanocomposites are shown in the Fig.4. The 2theta value of the SG is found at 
5.46° with a d-spacing of 16.142 Å. From Fig. 4 it can be seen that there is a widespread layer separation which leads 
to the formation of exfoliated structure. Due to exfoliation structure formation, there is an undistinguished diffraction 
pattern. The absence of peaks in the XRD also confirms the formation of exfoliated SG particles. The formation of 
exfoliated structure is more advantageous than intercalated structure because it results in better properties. The 
formation of exfoliated structure suggests that there is a proper shearing action of PP and SG has been taken place at 
TSE zones. The main reason for the development of exfoliated structure may be due to order less arrangement of the 
SG in PP matrix. Due to the formation of exfoliated structure, there is a strong interfacial adhesion between the matrix 
and filler 
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Figure 4 XRD spectra of SG and PP/SG in stated proportions 
 
 
Figure 5 (a) FE SEM image of SG (b-d) FE SEM image of 2.5wt. %, 5wt. %, 7.5wt. % PP/SG nanocomposites 
a b 
c d 
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The FE SEM studies were carried out to study the dispersion of SG in PP matrix. The FE SEM image of SG is shown 
in Fig. 5(a) When the addition of SG at 2.5wt. % resulted in fine dispersion of SG in PP as shown in Fig.5 (b) matrix 
and it increased mechanical properties [2]. When the addition of SG was increased by 5wt. % the dispersion was not 
fine as 2.5wt. % as shown in Fig.5(c) and it resulted in properties lesser than previous case. When SG addition was an 
increased to 7.5wt. % there was an aggleromation of SG in PP matrix as shown in Fig.5 (d) which also resulted in 
degradation of mechanical properties [2]. Thus it can be concluded that low amount of addition of SG to PP matrix 
increased mechanical properties while the higher loading increased thermal properties due to the aggleromated 





PP/SG nanocomposites were successfully processed using a TSE. The process parameters selected are Screw speed 
of 65 rpm, temperature profile of 180°C to 230°C, degassing pressure of 40 mm of Hg and water cooling length of 40 
cm was selected. The XRD structure formed in PP/SG nanocomposites was exfoliated structure which suggested that 
there was a proper shearing action of PP and SG in the zones of TSE. The presence of SG in PP matrix was confirmed 
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